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(57) ABSTRACT

A system and method for automated video generation for
training machine and deep learning algorithms in aviation
environments generates photorealistic digital human char-
acters and an aviation environment according to a desired
scenar1o, including fixtures, free objects, lighting and phys-
ics configurations, and camera views. Character actions 1n
the desired scenario are mapped to pose sequences which
may be manually generated or transferred from image
sequences of human activities, including both main charac-
ter activities specified by the scenario, characters responding,
to the main characters, and background character actions. A
video automation pipeline animates character actions per-
formed by the digital human characters into video datasets
with annotation files mncorporating detailed pixel and depth
information for each frame. Video datasets may include

variant video datasets differentiated from the primary dataset
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by changes i domain varnants (e.g., character attributes,

environmental attributes) while preserving the portrayal of
the desired scenario.
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600
N

602
N Receiving, via an aufomaled video generglion syslem, a desired
1 scenario comprising one or more character actions performed within

an aviation environment

Generating a plurality of digital human characters configured for |
\\ execution of the one or more character actions, each digital human |
"1 character associated with a pholorealistic human appearance, one o |

more human atlribotes, ang at least one aviation attribute :

\ Generating a photorealistic representation of the aviation environment |

comprising: f
gt interior or extenior aviation space

« one or more fixtures within the interior or exterior aviation space |

» one or more free obiects disposed within the interior or exterior |

aviation space

= one or more environmental atiributes including at least one of a |

ighting configuration, a physics configuration, and a camera view |

608

Generating one or more characler movements based on the one or
more character actions, each character movement comprising a
sequence of characler poses, and a camera view

| | Generating at least one video dataset based on the desired scenario,
\ i the at least one video cataset animating the one or more charactey
~4 achons performed by the plurably of digital human characters within
| the aviation environment and including at least one annoiation file
| comprising:
i« pixel location dala corresponding fo each digital human
character, each fixture, and sach free object;
= depth data corresponding o each digial human characier, each
fixture, and each free object;
« annotation data corresponding {0 23ch character action

FIG. 6
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SYSTEM AND METHOD FOR AUTOMATED
VIDEO GENERATION FOR TRAINING OF
MACHINE LEARNING ALGORITHMS IN
AVIATION ENVIRONMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s related to and claims the benefit
of the earliest available eflective filing dates from the
following listed applications (the “Related Applications™)
(c.g., claims earliest available priority dates for other than
provisional patent applications (e.g., under 35 USC § 120 as
a continuation in part) or claims benefits under 35 USC §
119(e) for provisional patent applications, for any and all

parent, grandparent, great-grandparent, etc. applications of
the Related Applications).

RELATED APPLICATIONS

Indian Provisional Patent Application No. 202241041633
filed Jul. 20, 2022 relating to SYSTEM AND METHOD
FOR AUTOMATED VIDEO GENERATION FOR TRAIN-
ING OF MACHINE LEARNING ALGORITHMS IN
AVIATION ENVIRONMENTS.

Said Indian Provisional Patent Application No.
202241041633 1s herein incorporated by reference in 1ts

entirety.

BACKGROUND

Computer vision mnvolves, at a high level, the simulation
of human (or animal) visual processing in a non-organic
environment. For example, computer vision includes not
only the acquisition of 1mages but also: the identification of
cach element of an 1mage and how these elements relate to
cach other; time context between frames, and throughout a
sequence of frames, of a sequence of 1mages; and a deeper
understanding of the actions depicted by the sequence of
images. Machine learning and deep learning algorithms are
usetul for training and advancing predictive computer vision
models, but machine learning models are only as good as
their foundational visual data. Where there 1s insuflicient
domain-specific data, the domain-specific data must be
created. For domain-specific data to be useful 1n a machine
learning context, the data must be correct, properly and
thoroughly annotated (e.g., accurately indicative of its con-
tents and/or component elements), unbiased, new (e.g., not
reused), and thorough—ideally, the more useful visual data,
the better.

However, visual data collection, particularly video data
comprising 1mage streams and sequences, 1s expensive and
cumbersome to collect. Video dataset collection requires
specialized hardware and high setup overhead (e.g., 1f the
intent 1s to recreate a broad variety of potential environments
or scenarios). Further, where the collection process imnvolves
third party or personal data (e.g., if the 1dentities of private
individuals are at least partially depicted) reluctance to share
data and personal privacy guidelines provide further barri-
ers.

SUMMARY

In a first aspect, a system for automated video generation
1s disclosed. In embodiments, the system includes a memory
for storing encoded 1nstructions and one or more processors
configurable by the encoded instructions. For example, the
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system receirves a desired scenario wherein a set of character
actions are performed within a particular aviation environ-
ment. The system includes a graphics engine for generating
a set of digital human characters capable of performing the
set of character actions, where each digital human character
has a photorealistic human appearance and 1s assigned a set
of human attributes and aviation attributes (e.g., character
roles). The graphics engine generates a photorealistic rep-
resentation of the aviation environment, including an inte-
rior or exterior space, fixtures positioned within the space,
free objects positioned within the space (but not fixed
thereto), and environmental attributes for the space (e.g.,
lighting, physics, camera view (or the perspective from
which a scene 1s seen)). A pose estimation subsystem
translates the desired character actions 1nto character move-
ments based on character poses or sequences of poses. A
video automation plpehne generates a video dataset for the
desired scenario, wherein the character actions are ammated
as performed by the digital human characters within the
specified aviation environment. The video dataset includes
an annotation file including pixel locations and pixel depth
for each digital human character, each fixture, and each free
object portrayed, as well as annotation data for each char-
acter action.

In some embodiments, the digital human characters
include main characters and auxiliary characters (e.g., non-
player characters (NPC)). Main characters perform the
desired character actions 1n the foreground while auxihary
characters may perform adaptive actions reacting to the
main characters and character actions performed thereby, as
well as background actions mdependent of the foreground
character actions.

In some embodiments, the aviation environment 1s an
aircraft, and the physics configuration modifies gravity, air
pressure, and/or aircrait orientation based on the current
flight segment (e.g., takeoll, climb, cruise), current atmo-
spheric conditions (e.g., wind, weather), or aircralt maneu-
vers.

In some embodiments, the aviation environment 1s a
cockpit, galley, lavatory, or passenger cabin.

In some embodiments, character poses are adapted from
reference 1mages (e.g., still images, 1image streams, video) of
a human subject.

In some embodiments, the video dataset includes a pri-
mary dataset portraying the desired scenario and variant
video datasets also portraying the desired scenario. Fach
variant video dataset, however, diflers from the primary
dataset according to one or more domain variations, €.g.,
different free objects; different environmental attrlbutes
different human attributes assigned to digital human char-
acters.

In some embodiments, domain variations include varia-
tions 1n the location of free objects within the aviation
environment or a selection of free objects within a video
dataset (e.g., appearance or non-appearance of particular
objects).

In some embodiments, assigned human attributes include
gender, ethnicity, age, physical build, and dress style.

In some embodiments, assigned aviation attributes
include character roles, e.g., a digital human character 1s a
pilot, command crewmember, thght attendant, or passenger.
In a further aspect, a computer-implemented method for
automated video generation 1s disclosed. In embodiments,
the method 1includes receiving a desired scenario wherein a
set of desired character actions are performed within an
aircraft cabin, cockpit, or other aviation environment. The
method 1ncludes generating a set of digital human characters
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to perform the desired character actions, wherein each
digital human character has a photorealistic human appear-
ance, assigned human attributes, and assigned aviation attri-
butes. The method includes generating a photorealistic rep-
resentation of the aviation environment, €.g., an aviation
space 1ncluding fixtures and free objects placed within and
assigned specific environmental qualities such as lighting
settings, physics configuration, and a camera perspective
(e.g., a point of view from which the aviation environment,
and the characters within, are seen). The method includes
generating character movements based on the desired char-
acter actions, wherein each character movement 1s based on
a character pose or sequence of poses. The method includes
generating a video dataset based on the desired scenario
wherein the character actions are performed by ammated
digital human characters within the specified aviation envi-
ronment. The video dataset includes an annotation file
specilying pixel location and pixel depth for each digital
human character, fixture, and free object portrayed, as well
as annotation data for each character action.

This Summary 1s provided solely as an introduction to
subject matter that 1s fully described in the Detailed Descrip-
tion and Drawings. The Summary should not be considered
to describe essential features nor be used to determine the
scope of the Claims. Moreover, it 1s to be understood that
both the foregoing Summary and the following Detailed
Description are example and explanatory only and are not
necessarily restrictive of the subject matter claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. The use of the same reference num-
bers in different instances 1n the description and the figures
may 1indicate similar or identical items. Various embodi-
ments or examples (“examples™) of the present disclosure
are disclosed in the following detailed description and the
accompanying drawings. The drawings are not necessarily
to scale. In general, operations of disclosed processes may
be performed 1n an arbitrary order, unless otherwise pro-
vided 1n the claims. In the drawings:

FIG. 1 1s an 1llustration of an annotated frame of a video
dataset auto-generated according to example embodiments
of this disclosure;

FIG. 2 1s a diagrammatic illustration of components of a
system for automated wvideo generation according to
example embodiments of this disclosure;

FIGS. 3A and 3B are diagrammatic illustrations of pose
estimation and video automation operations of the system of
FIG. 2;

FIG. 4 1s a diagrammatic illustration of the application of
domain variations to the automated video generation opera-
tions of the system of FIG. 2;

FIG. 35 1s an illustration of an annotated frame of a video
dataset generated by the system of FIG. 2;

and FIG. 6 1s a flow diagram illustrating a computer-
implemented method for automated video generation, 1n
accordance with example embodiments of this disclosure.

DETAILED DESCRIPTION

Before explaining one or more embodiments of the dis-
closure 1n detail, 1t 1s to be understood that the embodiments
are not limited 1n their application to the details of construc-
tion and the arrangement of the components or steps or
methodologies set forth i the following description or
illustrated 1n the drawings. In the following detailed descrip-

10

15

20

25

30

35

40

45

50

55

60

65

4

tion of embodiments, numerous specific details may be set
forth 1 order to provide a more thorough understanding of
the disclosure. However, 1t will be apparent to one of
ordinary skill in the art having the benefit of the instant
disclosure that the embodiments disclosed herein may be
practiced without some of these specific details. In other
instances, well-known features may not be described 1n
detail to avoid unnecessarily complicating the instant dis-
closure.

As used herein a letter following a reference numeral 1s
intended to reference an embodiment of the feature or
clement that may be similar, but not necessarily 1dentical, to
a previously described element or feature bearing the same
reference numeral (e.g., 1, 1a, 1b). Such shorthand notations
are used for purposes of convenience only and should not be
construed to limit the disclosure 1n any way unless expressly
stated to the contrary.

Further, unless expressly stated to the contrary, “or” refers
to an inclusive or and not to an exclusive or. For example,
a condition A or B 1s satisfied by any one of the following:
A 1s true (or present) and B 1s false (or not present), A 1s false
(or not present) and B 1s true (or present), and both A and B
are true (or present).

In addition, use of “a” or “an” may be employed to
describe elements and components of embodiments dis-
closed herein. This 1s done merely for convenience and *“a”
and “an’ are intended to include “one” or ““at least one,” and
the singular also includes the plural unless 1t 1s obvious that
it 1s meant otherwise.

Finally, as used herein any reference to “one embodi-
ment” or “some embodiments” means that a particular
element, feature, structure, or characteristic described 1in
connection with the embodiment 1s included 1n at least one
embodiment disclosed herein. The appearances of the phrase
“in some embodiments™ 1n various places in the specifica-
tion are not necessarily all referring to the same embodi-
ment, and embodiments may include one or more of the
teatures expressly described or inherently present herein, or
any combination or sub-combination of two or more such
features, along with any other features which may not
necessarily be expressly described or inherently present in
the 1nstant disclosure.

Broadly speaking, embodiments of the inventive concepts
disclosed herein are directed to methods and systems for
automated synthetic generation of aviation-specific video
datasets for training deep learming and/or machine learning
models, e.g., for computer vision systems. For example, the
methods and systems disclosed herein generate libraries of
photorealistic digital human characters and photorealistic
aviation environments. Digital human characters are not tied
to specific human individuals, but have realistic human
appearances and are trained (e.g., as artificial intelligences)
to act and behave as would an equivalent human 1n specific
aviation scenarios. Given one or more selected digital
human characters, an environment (e.g., an aircraft cockpit
or cabin), and a scenario, the system generates photorealistic
video sequences portraying the selected characters acting
out the desired scenario within the desired environment,
cach video sequence including detailed annotation data
describing the visual elements and actions depicted. The
system may further provide sets of related video sequences
among which selected visual elements are differentiated so
that machine learning algorithms may be trained to recog-
nize minor variations on a common scenario.

Referring to FIG. 1, a video dataset 100 generated accord-
ing to embodiments of the iventive concepts disclosed
herein 1s shown. The video dataset 100 (e.g., each individual
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frame or 1mage excerpted therefrom) may include an avia-
tion environment 102, digital human characters 104, and
annotation data 106.

In embodiments, each video dataset 100 may include one
or more digital human characters 104 within an aviation
environment 102, performing specific character actions 1n
tulfillment of a desired scenario depicted by the video
dataset. For example, graphics generation processors (€.g.,
UnrealEngine) may create a library of digital human char-
acters 104. In embodiments, each digital human character
104 may have a photorealistic human appearance. However,
the character may be characterized as “digital human™ 1n the
sense that the digital human characters do not correspond 1n
appearance to any identifiable human individual. For
example, each digital human character 104 may be gener-
ated according to a customizable set of human attributes.
Digital human characters 104 may be differentiated from
cach other broadly according to racial, ethnic, age/maturity,
posture, gait, and/or gender characteristics. Further, digital
human characters 104 may be more broadly distinctive
according to their assigned vital statistics, facial features,
articles of clothing, and/or behavior patterns (any of which
may also be varied and/or customized to a specific instance
of a digital human character). For example, each digital
human character 104 may be assigned a broad set of
behavior patterns or attributes, e.g., introverted/extroverted,
passive/aggressive, compliant/defiant, which 1n turn may
influence the performance of a specific character action or
sequence ol actions by that digital human character.

In embodiments, each digital human character 104 may
additionally be assigned an aviation-specific attribute that
may influence or dictate any character actions performed by
that digital human character according to a desired scenario.
For example, if the aviation environment 102 depicted by
the video dataset 100 1s an aircraft passenger cabin, each
digital human character 104 may be a passenger or a cabin
crewmember. Similarly, if the aviation environment 102 1s
an aircrait cockpit, each digital human character 104 may be
a command crewmember, e.g., a pilot, co-pilot, navigator, or
flight engineer.

In embodiments, the set of digital human characters 104
associated with the video dataset 100 may include one or
more main characters 104a and one or more auxiliary
characters 1045. For example, the main characters 104a may
perform specific character actions relevant to the desired
scenar1o portrayed by the video dataset 100; e.g., a main
character 104a may be depicted as having left their assigned
seat and currently walking along an aisle in the passenger
cabin. In embodiments, as provided for by the desired
scenar1o, auxiliary characters 1045 may include responsive
characters and background characters. For example, respon-
sive characters may perform character actions directly
responsive to the actions performed by the main character/s
104a; e.g., 1if the main character 1s a seated passenger
depicted as activating a call light or signal to request a cabin
crewmember, a responsive character may be a cabin crew-
member depicted as walking to the passenger’s seat in
response to the request. In embodiments, background char-
acters may perform character actions not directly related to
the character actions performed by the main character/s
104a, but consistent with the desired scenario. For example,
if the auxiliary characters 1045 shown in FIG. 1 include
other seated passengers, some of these seated passengers
may remain seated while others are randomly assigned
additional background character actions, e.g., unfastening
seat belts or using a laptop computer 108.
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In embodiments, the aircraft environment 102 selected for
the video dataset 100 may depict an exterior space or an
interior space. For example, the aircrait environment 102
may include a portion of an aircratt, e.g., the passenger cabin
shown by FIG. 1, a portion of the passenger cabin (e.g., a
class of seats, an exit row), a cockpit or other control area,
a galley space, a lavatory, or a cargo hold; depending on the
desired scenario, the aircraft may or may not be depicted as
inflight. In some embodiments, the aircraft environment 102
may 1include a non-aircrait space, e.g., a factory floor, a
runway environment, or an airport environment (control
tower, lobby, security checkpoint, gate).

In embodiments, the aircraft environment 102 associated
with a particular video dataset 100 may include both fixed
and customizable attributes. For example, 1f the aircraft
environment 102 1s a passenger cabin as shown by FIG. 1,
the passenger cabin may include fixtures, e.g., features or
components 1n {ixed positions and/or orientations relative to
the aircrait environment. For example, the passenger cabin
may include seats 110, seatbelts 112, windows 114, bulk-
heads/dividers 116, tray tables 118, and/or overhead bins
120. In embodiments, character actions performed by digital
human characters 104 may include interacting with one or
more fixtures, e.g., walking along an aisle, fastening/untas-
tening a seatbelt 112, or looking out a window 114.

In embodiments, the aircraft environment 102 may
include free objects not associated with fixed positions
relative to the aircrait environment. For example, the video
dataset 100 may include, based on the desired scenario, a
randomized placement of free objects throughout the aircraft
cabin, e.g., a laptop computer 108, water bottle 122, head-
phones 124. In embodiments, free objects may also be
interacted with by the digital human characters 104; further,
free objects may be more susceptible to changes in envi-
ronmental physics than fixtures. Food trolleys, for example,
may be treated as fixtures 11 firmly secured 1n a cart bay (e.g.,
in a galley scenario) but as free objects 1f inserted 1nto an
aisle of a passenger cabin (where they may be subject to
changes 1n orientation or gravity driven by aircrait physics).
Similarly, overhead cargo bins are fixtures, but any luggage
or personal items stowed within the cargo bins are free
objects; note however that the bin doors are also fixtures but
may be subject to limited free object movement 1n an open,
non-secured state.

In embodiments, the video dataset 100 may include a
physics configuration driven by a variety of customizable
factors. For example, the physics configuration may be
based on a particular altitude or flight segment, e.g., takeofl,
climb, cruise, descent, landing, emergency descent or land-
ing, which may drive how digital human characters 104 and
free objects are allected by gravity (e.g., fixtures may remain
stable while the aircraft 1s in an unusual orientation or under
unusual gravitational conditions, but digital human charac-
ters and free objects not otherwise fixed to the aircrait cabin
may not) or by air pressure. Similarly, the physics configu-
ration may be aflected by atmospheric conditions (e.g., level
flight at cruise as opposed to turbulence) or by aircrait
maneuvers, €.g., turns, sharp descents, deployment of oxy-
gen masks, and/or other deliberate adjustments to aircrait
configuration.

In embodiments, the video dataset 100 may include
annotation data 106 for each individual element depicted by
the video dataset (e.g., the aviation environment 102, digital
human characters 104, character actions). For example,
annotation data 106 may provide, for each digital human
character 104 or element of the aviation environment 102,
pixel segmentation data and depth data as described below.
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Further, annotations 126 may provide deep learning algo-
rithms with additional information relevant to digital human
characters 104, e.g., their assigned seats 110, whether their
seatbelts 112 are fastened or unfastened, and/or any char-
acter actions performed by or associated with that character.

Referring now to FIG. 2, a system 200 for automated
video generation may include a graphics engine 202, pose
estimation module 204, and video automation pipeline 206.

In embodiments, the graphics engine 202 may include one
or more graphics generation processors configured for cre-
ating a library of digital human characters (104, FIG. 1)
and/or aviation environment (102, FIG. 1) as described
above. For example, the graphics engine 202 may receive a
desired scenario 208 and create customized digital human
characters 104 and an aviation environment 102 1n response
to that specific scenario. In some embodiments, the graphics
engine 202 may adapt digital human characters 104 and/or
an aviation environment 102 from a library, assigning each
character a set of human attributes and/or aviation-specific
attributes (and the aviation environment a set of environ-
mental attributes) as described above. Further, the graphics
engine 202 may generate a scene based on the desired
scenario 208 by assigning character actions to each digital
human character 104 and environmental attributes to the
aviation environment 102. For example, the graphics engine
202 may create animation 202a for each digital human
character 104 based on the generated poses and movements
20256 corresponding to each desired character action. Fur-
ther, the graphics engine 202 may create a scene based on
attributes of the aviation environment 102 (e.g., lighting,
perspective, physics, character design attributes) which may
vary Irom one video dataset to another, while the funda-
mental character actions outlined in the desired scenario 208
remain constant.

In embodiments, the pose estimation module 204 may
develop character poses rendered by the graphics engine 202
as character movements 2025 for each character action. For
example, given a set of character actions provided for by the
desired scenario 208, including actions to be performed by
a main character (104a, FIG. 1) or by other characters
portrayed 1n the scene (e.g., auxihary characters (1045, FIG.
1) responding to the actions of the main character, and other
auxiliary characters performing independent background
actions), the pose estimation module 204 may provide a
series of human poses (e.g., a position and/or orientation of
cach digital human character 104, including 1ts torso, limbs,
extremities, facial expressions) from which each set of
character movements 20256 may be assembled. In some
embodiments, automatic pose transfer (204a) may adapt
character poses based on reference video and images (210).
Alternatively or additionally, manual pose estimation (20456)
may allow for manual generation of character poses if no
equivalent reference poses can be found.

In embodiments, based on digital human characters 104,
aviation environments 102, character actions, and compo-
nent character poses (including movements 2025 and ani-
mations 202q) assigned to the desired scenario 208, the
video automation pipeline 206 may generate a video dataset
100 rendering the specified desired scenario. For example,
the video dataset 100 may provide for a particular lighting
configuration (e.g., normal daytime cabin lighting; lighting
configurations may define lighting intensity or positioning,
and may be dependent on whether the scenario 1s indoor or
outdoor (e.g., incorporating natural and artificial light
sources)), camera view (e.g., center-aisle position, oriented
ait and downward), and physics configuration (e.g., consis-
tent with an aircrait at cruising altitude, normal atmospheric
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conditions) according to defined environmental attributes.
Further, the video dataset 100 may portray the selected
digital human characters 104 performing any character
actions (e.g., main, responsive, background) assigned to
them 1n fulfillment of the desired scenario 208. In some
embodiments, the video automation pipeline 206 may gen-
crate a set of variant video datasets 212 based on the video
dataset 100. For example, each variant video dataset 212
may each portray the same desired scenario 208 as the video
dataset 100, but each individual variant video dataset 212
may be differentiated from the other variant video datasets
within the set according to domain variations. Each variant
video dataset 212 may incorporate the same digital human
characters 104 and aviation environment 102 (e.g., as the
original video dataset 100) in addition to the desired sce-
nario 208, but each individual variant video dataset 212 may
be generated according to a different set of domain varia-
tions (e.g., assigned human attributes, assigned aviation
attributes, assigned environmental attributes, assigned light-
ing configurations, assigned physics configurations,
assigned visual attributes of fixtures, assigned placement of
free objects). For example, if the original video dataset 100
portrays a male main character 104a walking forward along
a central aisle of a passenger cabin toward a forward
lavatory (e.g., as shown by FIG. 1), each additional variant
video dataset 212 may include one or more programmatic or
domain variations, €.g., a female main character walking
torward towards the forward lavatory; the male main char-
acter walking forward toward the forward lavatory, but seen
from a different camera view; the male main character
walking forward toward the forward lavatory, but seen under
different cabin lighting; the male main character walking
torward toward the forward lavatory, but dressed differently;
the male main character walking forward toward the forward
lavatory, but in a different aircraft configuration (e.g., A320
interior cabin vs. B737 interior cabin); the male main
character walking forward toward the forward lavatory, but
seen against a different cabin design scheme. Any domain
variations among individual variant video datasets 212 may
be indicated by the annotation files 106 for each video
dataset.

Retferring to FIG. 3A, the system 200 1s shown.

In embodiments, the system 200 may, based on a desired
scenario (208, FIG. 2) and subsequent to selecting an
aviation environment (102, FIG. 1) and digital human char-
acters 104 for inclusion 1n a video dataset 100, 212, assign
character actions 302 (or sequences thereof) to the digital
human characters 1n fulfillment of the desired scenario. For
example, the library 300 of digital human characters 104
and/or aviation environments 102 may additionally include
a library of character actions 302.

In embodiments, each character action 302 may be asso-
ciated with a movement or sequence ol movements per-
formed by a digital human character 104. For example, a
desired scenario 208 may be constructed as a complex
sequence or combination (304) of component character
actions 302. In embodiments, character actions 302 may be
created or transferred based on pre-existing video or 1image
streams (reference 1images 210) via a pose estimation mod-
ule 204. For example, a character action 302 associated with
putting on and fastening a seatbelt (112, FIG. 1) may
originate with a reference 1mage stream 210 showing a
human subject performing the action. In embodiments, the
pose estimation module 204 may infer a set of two-dimen-
sional (2D) coordinates corresponding to joints of the human
subject. Further, the pose estimation module 204 may be
trained via machine learning techniques to infer a third axis
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and three-dimensional (3D) coordinates based on the 2D
coordinate set, and to establish an underlying bone structure
for character movements 2025 while executing the character
action 302. In embodiments, the 3D bone structure coordi-
nates may be applied to a digital human character 104 such
that the digital human character 1s portrayed executing the
character action 302 (or combination 304 thereol), e.g.,
putting on and fastening the seatbelt 112.

In embodiments, the desired scenario 208 may be fulfilled
by assembling a sequence or combination 304 of component
character actions 302 from the library, e.g.: a seated pas-
senger presses a call button; a cabin crewmember walks
toward the passenger; the crewmember asks whether the
passenger needs anything; the passenger requests a cup of
water; the crewmember brings the cup to the passenger (e.g.,
the crewmember may already have a tray of cups 1n hand, or
the crewmember may leave the passenger, return to a galley
area, obtain a cup of water, and return to the passenger in an
additional series of actions; the crewmember hands the cup
to the passenger; the passenger drinks the water. For
example, each individual character action 302 may be
assembled as described above, e.g., by the graphics engine
(202, FIG. 2), and rendered as a seamless video sequence
(e.g., original video dataset 100, variant video datasets 212)
by the video automation pipeline 206.

Referring also to FIG. 3B, in embodiments some charac-
ter actions 302 or combinations 304 thereof may be dictated
by the desired scenario 208 while others are randomized by
the graphics engine 202. For example, each video dataset
100, 212 may include among 1ts digital human characters
104 main characters (104a, FIG. 1) and auxiliary characters
(104H, FIG. 1; e.g., non-player characters (NPC)). For
example, the desired scenario 208 on which the video
datasets 100, 212 are based may depict a passenger (e.g.,
main character 104a) unseated and walking forward toward
a cabin-forward lavatory, as shown by FIG. 1). In embodi-
ments, the main character/s 104a may carry out character
actions 302 (or combinations 304 thereof) driven by the
desired scenario 208; auxiliary characters 1045 may interact
with the main character 104a by performing adaptive actions
or behaviors 306; alternatively or additionally, auxihiary
characters may perform independent background actions as
needed. For example, an auxiliary character 1045 may be
present 1n an adjacent seat, blocking the progress of the main
character 104q toward the lavatory. The main character 104a
may be depicted as addressing (302) the auxiliary character
104bH, e¢.g., by requesting the auxiliary character move to
make a path for the main character. The auxiliary character
1046 may be trained, e.g., via machine learning models,
and/or programmed according to desired behavior guide-
lines (e.g., introvert/extrovert, polite/belligerent), to react to
the main character 104a with adaptive actions or behaviors
306. For example, the auxiliary character 10456 may silently
make room for the main character 104q by standing and
moving out into the aisle (306), returning to their seat when
the main character enters the aisle, and once again standing
and moving into the aisle upon seeing the main character
returning {rom the lavatory to their seat. In embodiments,
background character actions may be Al-generated, e.g.,
selected by machine learning algorithms from a set of
appropriate actions.

Referring now to FIG. 4, the system 200 1s shown.

In embodiments, a desired scenario 208 may include sets
of domain variations 400. For example, the desired scenario
208 may provide for a specific sequence of character actions
302 (or combinations thereotf, 304) performed by a specific
set of characters (main characters 104a, auxiliary characters
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1045; FI1G. 1). However, domain variations 400 may not
directly affect the substantive content of the video datasets
100, 212 but may provide variations on the content for
machine learning algorithm training. For example, given the
set of main characters 104a and sequence of character
actions 302, the video dataset 100 may also be defined by a
camera view, a lighting configuration, additional auxiliary
characters (1045, FIG. 1), arrangement of free objects in the
scene, color and appearance of said free objects, etc. The set

of domain vanations 400 may select diflerent combinations
(402) of these and other elements for the annotation file 106,
such that the video automation pipeline 206 renders a set 212
of video datasets 100, 212 including the same character and
action content but according to different combinations of
domain varnants, e.g., diflerent camera angles, difierent
lighting, main and auxiliary characters varied by ethnicity or
gender, different background and/or object colors, different
randomized arrangement of free objects within the scene.

Referring now to FIG. S, the video dataset 100 1s shown
(e.g., a portion of a frame therefrom).

In embodiments, the annotation data (106, FIG. 1) for
cach dataset may include, 1n addition to semantic segmen-
tation (e.g., character and action data as shown by FIG. 1),
ground truth information including pixel segmentation and/
or stereo/depth data. For example, within each frame 500 of
a given video dataset 100, every pixel of the frame may be
part of a pixel set 502 explicitly corresponding to a seat 110,
a pixel set 504 explicitly corresponding to a window 114 or
other fixture; a pixel set explicitly corresponding to a free
object; or a pixel set 506 explicitly corresponding to a digital
human character 104. In embodiments, the annotation data
106 may indicate to which pixel set 502, 504, 506 cach pixel
of the frame 500 belongs. Further, annotation data 106 may
include depth data for each pixel 1n the frame 500, such that
machine learning algorithms may perceive the video dataset
100 1n three dimensions.

Referring now to FIG. 6, the method 600 may be imple-
mented by the system 200 and may include the following
steps.

At a step 602, a desired scenario 1s received. For example,
the desired scenario may indicate specific character actions
to be portrayed in a specific aviation environment (e.g.,
aircrait cabin, cockpit, airport interior or exterior space).

At a step 604, the graphics engine generates a set of
characters for performing the desired character actions. For
example, main characters may perform the specific actions
to be portrayed, while auxiliary characters react or respond
to the main characters (or act independently 1n the back-
ground to simulate bystanders or other passengers). Main
and auxiliary characters have a photorealistic human appear-
ance (without corresponding to any identifiable humans) and
a set of human attributes (e.g., build, ethnicity, appearance,
dress, general behavior) and aviation attributes (characters
may be pilots, command or cabin crew, passengers, mechan-
ics, ground crew, or portray any other aviation or aviation-
adjacent roles).

At a step 606, the graphics engine generates a photore-
alistic representation of the aviation environment, reflecting
a particular lighting configuration, physics configuration,
camera view, and/or other environmental attributes. The
aviation environment includes both fixed and free objects,
¢.g., seats, bulkheads, windows and other aircrait compo-
nents secured 1n place, as well as cups, personal 1tems, bags,
and other unsecured objects randomly placed throughout the
aviation environment (and which may respond to events
driven by the aircraft physics configuration).
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At a step 608, pose estimation modules map character
pose sequences onto the desired character actions, each main
or auxiliary character action comprising a sequence of
human poses and pose changes or transitions, each digital
human character moving as a human would. For example,
pose transitions may be adapted from image sequences or
video clips of actual human activity or manually generated
(e.g., 11 no appropriate or adaptable video 1s available).

At a step 610, the video automation pipeline generates a
video dataset based on the selected digital human characters,
aviation environment, and mapped pose transition
sequences. For example, the video dataset portrays the
specified character actions, performed by the main charac-
ters 1n the desired aviation environment, along with any
responsive or background actions performed by auxiliary
characters and/or events driven by the aviation environment
(e.g., changes 1n lighting or aircraft physics). A video dataset
may 1nclude variant video datasets, in which the same
character actions as 1n the primary video dataset are por-
trayed but with domain vanations in the digital human
characters (e.g., diflerent human attributes) and/or aviation
environment (e.g., changes 1n lighting or physics) that
differentiate each variant video dataset and the primary
video dataset from each other. For example, in some
embodiments, physics configurations may be adjusted based
on an aircraft thght segment, an altitude, atmospheric con-
ditions (e.g., presence of turbulence), and/or aircraft maneu-
vers. Each video dataset includes a detailed annotation file
including annotation data for all character actions portrayed
along with pixel location and depth data for each image
clement within the video dataset.

CONCLUSION

It 1s to be understood that embodiments of the methods
disclosed herein may include one or more of the steps
described herein. Further, such steps may be carried out 1n
any desired order and two or more of the steps may be
carried out simultaneously with one another. Two or more of
the steps disclosed herein may be combined 1n a single step,
and 1n some embodiments, one or more of the steps may be
carried out as two or more sub-steps. Further, other steps or
sub-steps may be carried 1n addition to, or as substitutes to
one or more of the steps disclosed herein.

Although inventive concepts have been described with
reference to the embodiments illustrated in the attached
drawing figures, equivalents may be employed and substi-
tutions made herein without departing from the scope of the
claims. Components 1illustrated and described herein are
merely examples of a system/device and components that
may be used to implement embodiments of the immventive
concepts and may be replaced with other devices and
components without departing from the scope of the claims.
Furthermore, any dimensions, degrees, and/or numerical
ranges provided herein are to be understood as non-limiting,
examples unless otherwise specified 1n the claims.

We claim:
1. A computer-implemented method for automated video
generation, the method comprising:
receiving, via an automated video generation system, a
desired scenario comprising one or more character
actions to be simulated within an aviation environment;
generating, via a graphics engine, a plurality of digital
human characters configured for execution of the one
or more character actions, each digital human character
having a photorealistic human appearance, one or more
human attributes, and at least one aviation attribute;
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generating, via the graphics engine, a photorealistic rep-
resentation of the aviation environment comprising:
an interior or exterior aviation space;
one or more fixtures within the interior or exterior
aviation space;
one or more Iree objects disposed within the interior or
exterior aviation space;
and
one or more environmental attributes including at least
one of a lighting configuration, a physics configura-
tion, and a camera view;
generating, via the graphics engine, one or more character
movements based on the one or more character actions,
cach character movement comprising an animated
sequence ol character poses;
and
generating, via a video automation pipeline, at least one
video dataset based on the desired scenario, the at least
one video dataset animating the one or more character
actions performed by the plurality of digital human
characters within the aviation environment and includ-
ing at least one annotation file comprising;:
pixel location data corresponding to each digital human
character, each fixture, and each free object;
depth data corresponding to each digital human char-
acter, each fixture, and each free object;
and
annotation data corresponding to each character action.
2. The computer-implemented method of claim 1,
wherein the plurality of digital human characters comprises:
at least one main character configured for performance of
the one or more character actions;
and
at least one auxiliary character configured for perfor-
mance of at least one of:
an adaptive action performed 1n response to the one or
more character actions;
or
a background action performed independent of the one
or more character actions.
3. The computer-implemented method of claim 1,
wherein the aviation environment corresponds to an aircratt,
and the physics configuration 1s configured to alter at least

one of a gravity condition, a pressure condition, or an
orientation of the aviation environment based on at least one
of:

a current tlight segment;

an atmospheric condition;

or

a maneuver of the aircratt.

4. The computer implemented method of claim 3, wherein
the aviation environment 1s selected from a group including
a cockpit, a galley, a lavatory, or a passenger cabin.

5. The computer-implemented method of 1, wherein the
sequence ol character poses 1s adapted from at least one
reference 1mage sequence portraying a human subject.

6. The computer-implemented method of claim 1,
wherein the at least one video dataset comprises:

a primary video dataset corresponding to the desired

scenario;

and

one or more variant video datasets, the primary video

dataset and each variant video dataset mutually difler-
entiated by at least one domain variation selected from
a group including:
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a variation of the one or more free objects;

a variation of the one or more environmental attributes;

or

a variation of the one or more human attributes.

7. The computer-implemented method of claim 6,
wherein the variation of the one or more Iree objects
includes one or more of:

a location of each free object relative to the aviation

environment;
or
an appearance or non-appearance of at least one free
object.
8. The computer-implemented method of claim 1,
wherein the one or more human attributes are selected from
a group including:
a gender of the digital human character;
an ethnicity of the digital human character;
an age of the digital human character;
a physical build of the digital human character;
or
a dress of the digital human character.
9. The computer-implemented method of claim 1,
wherein the at least one aviation attribute 1s selected from a
group including:
a pilot;
a command crewmember;
a cabin crewmember;
or
a passenger.
10. A system for automated video generation, the system
comprising;
a graphics engine comprising one or more processors;
a memory configured for storage of encoded nstructions
executable by the one or more processors, the encoded
instructions configured for causing the one or more
processors to:
receive a desired scenario comprising one or more
character actions to be simulated within an aviation
environment;

generate a plurality of digital human characters con-
figured for execution of the one or more character
actions, each digital human character having a pho-
torealistic human appearance, one or more human
attributes, and at least one aviation attribute;

generate a photorealistic representation of the aviation
environment comprising:

an interior or exterior aviation space;

one or more fixtures within the interior or exterior
aviation space;

one or more Iree objects disposed within the interior or
exterior aviation space;

and

one or more environmental attributes including at least
one of a lighting configuration, a physics configura-
tion, and a camera view;

generate one or more character movements based on
the one or more character actions, each character
movement comprising an animated sequence of
character poses;

and

generate at least one video dataset based on the desired
scenario, the at least one video dataset animating the
one or more character actions simulated by the
plurality of digital human characters within the avia-
tion environment and including at least one annota-
tion file comprising:
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pixel location data corresponding to each digital human
character, each fixture, and each free object;

depth data corresponding to each digital human character,
cach fixture, and each free object;

and
annotation data corresponding to each character action.

11. The system of claim 10, wherein the plurality of
digital human characters includes:

at least one main character configured for performing the
one or more character actions;

and

at least one auxiliary character configured for performing
at least one of:

an adaptive action performed 1n response to the one or
more character actions;

or

a background action performed independently of the
one or more character actions.

12. The system of claim 10, wherein the aviation envi-
ronment corresponds to an aircraft, and the physics configu-
ration 1s configured to alter at least one of a gravity condi-
tion, a pressure condition, or an orientation of the aviation
environment based on at least one of:

a current tlight segment;
an atmospheric condition;
or

a maneuver of the aircratt.

13. The system of claam 12, wherein the aviation envi-
ronment 1s selected from a group including a cockpit, a
galley, a lavatory, or a passenger cabin.

14. The system of claim 10, wheremn the sequence of
character poses 1s adapted from at least one reference image
sequence portraying a human subject.

15. The system of claim 10, wherein the at least one video
dataset comprises:

a primary video dataset corresponding to the desired
scenario:

and

one or more variant video datasets, the primary video
dataset and each variant video dataset mutually difler-
entiated by at least one domain variation selected from
a group including:
a variation of the one or more Iree objects;
a variation of the one or more environmental attributes;
or
a variation of the one or more human attributes.

16. The system of claim 15, wherein the variation of the
one or more free objects includes one or more of:

a location of each free object relative to the aviation
environment;

or

an appearance or non-appearance ol at least one Iree
object.

17. The system of claim 10, wherein the one or more
human attributes are selected from a group including:

a gender of the digital human character;

an ethnicity of the digital human character;

an age of the digital human character;

a physical build of the digital human character;
or

a dress of the digital human character.

18. The system of claim 10, wherein the at least one
aviation attribute 1s selected from a group including:



a pilot;
a command crewmember;
a cabin crewmember:;

or
a passenger.
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